• The combination of bevacizumab with docetaxel-gemcitabine resulted in unacceptable toxicity, particularly a high rate of pulmonary toxicity (30%).
this point, enrollment was halted for safety concerns. The 12-month PFS was 8%. In 11 evaluable patients, ORR was 72%, median PFS 6 months, and median OS was 11 months. Conclusion. Docetaxel, gemcitabine, and bevacizumab at this dose and schedule resulted in excessive toxicity. Despite promising efficacy, in light of efficacious and safe alternative therapies, this regimen should not be used to treat advanced NSCLC. The Oncologist 2019;24:457-e126
DISCUSSION
When this trial was conceived, the standard of care for advanced NSCLC was combination chemotherapy and most patients were treated with platinum doublets. Emerging evidence at the time suggested that certain patients may have inherently platinum-resistant disease due to high levels of expression of excision repair cross-complementation group 1 and DNA mismatch repair protein MSH2, which are heavily involved in the repair of platinum-DNA adducts [1, 2] . In a randomized multicenter trial of patients with advanced NSCLC who were assigned treatment based on their ERCC1 expression level (docetaxel-gemcitabine in ERCC1-high and The Oncologist 2019;24:457-e126 www.TheOncologist.com
Clinical Trial Results
docetaxel-cisplatin in ERCC1-low patients), the ORR in the docetaxel-gemcitabine arm was 44%, compared with 37% with platinum doublet chemotherapy [3] . The superior efficacy and safety of docetaxel-gemcitabine over cisplatin-docetaxel in patients with advanced NSCLC was also documented in a randomized European multicenter trial [4] . These studies provided a rationale for exploring the role of non-platinum-containing regimens in the treatment of advanced NSCLC.
In preclinical models, addition of antiangiogenic agents to chemotherapy resulted in synergistic effects, likely due to vessel normalization and reduced vessel density and permeability [5, 6] . Addition of the vascular endothelial growth factor antibody bevacizumab to platinum chemotherapy has been associated with improved outcomes [7] ; however, its safety and efficacy in combination with nonplatinum doublets was poorly understood. In a previously conducted phase IB study of docetaxel-gemcitabinebevacizumab in 38 patients with soft tissue sarcoma, this combination was safe and efficacious [8] . We therefore sought to study the safety and efficacy of bevacizumab-docetaxel-gemcitabine in patients with previously untreated, advanced nonsquamous NSCLC. Because patients with squamous histology had a greater incidence of major hemoptysis in early trials of bevacizumab with chemotherapy, patients with squamous histology were excluded [9] .
In this study, conducted over a decade ago, a sizeable proportion of patients either had dose reduction (38%) or discontinued treatment for toxicity (31%). In addition, three patients (23%) had to discontinue bevacizumab before progression (two for tumor cavitation and one for hemoptysis). Sixty-nine percent of patients developed grade 3-5 nonhematologic toxicity, and all patients developed hematologic toxicities (92% grade 3-4 neutropenia; Table 1 ). An alarmingly high rate of pulmonary toxicity was observed in four patients (30%), thought to be possibly related to study drugs. Although this combination was well tolerated in patients with sarcoma, it is likely that the higher rate of pulmonary toxicity is reflective of the underlying compromised pulmonary function in patients with NSCLC.
Compared with alternative regimens available at the time, this combination showed promising efficacy with an ORR of 72%. However, the trial was terminated because of unacceptable toxicity of the regimen. Since this trial was conducted, many alternative therapies including immunotherapy have emerged as safe and efficacious options. Therefore, further investigation into clinical applications of this regimen is not warranted.
TRIAL INFORMATION

Disease
Lung cancer -NSCLC
Stage of Disease/Treatment
Metastatic/advanced
Prior Therapy None
Type of Study -1 Phase II
Type of Study -2 Single arm
Primary Endpoint Progression-free survival
Secondary Endpoint Toxicity
Secondary Endpoint
Overall response rate
Overall survival Other
We excluded patients with hemoptysis, tumor cavitation, underlying bleeding diathesis, uncontrolled hypertension, history of myocardial infarction or stroke within 6 months, metastasis to the gastrointestinal tract, history of diverticulitis, fistula, and intra-abdominal abscess or surgery within 3 months to reduce the risk of bleeding with bevacizumab
Cancer Types or Histologic Subtypes
Nonsquamous non-small cell lung cancer, 13
PRIMARY ASSESSMENT METHOD
Response Assessment CR n = 0 (0%)
Response Assessment PR n = 8 (72.7%)
Response Assessment PD n = 1 (9.09%)
Response Assessment OTHER n = 0 (0%) Lung cancer continues to be the leading cause of cancerrelated mortality despite the many advances in the field over the last decade. In the U.S., the estimated incidence of new cases in 2018 is 234,000, with an estimated 154,000 deaths annually [10] . Prior to the immunotherapy and targeted therapy era, 5-year survival rates for patients with advanced nonsmall cell lung cancer (NSCLC) had reached a plateau with the various chemotherapeutic regimens that were being tested at the time. Adding bevacizumab to a chemotherapy backbone for the treatment of patients with metastatic nonsquamous NSCLC was not only shown to be tolerable but also resulted in a significantly longer progression-free survival (PFS) and overall survival (OS) in comparison with platinum doublet chemotherapy [6] .
Emerging evidence at the time that this trial was designed suggested that a subset of patients with NSCLC had inherent resistance to platinum-based chemotherapy. A variety of mechanisms for platinum resistance such as high expression levels of proteins that are heavily involved in the repair of platinum-DNA adducts (such as ERCC1 and MSH2) had been implicated. Therefore, viable nonplatinum-based chemotherapeutic regimens were being explored for such patients. Both docetaxel and gemcitabine are active in the treatment of metastatic NSCLC. The safety and efficacy of the combination of these drugs was further studied in clinical trials. The first randomized clinical trial that stratified patients by ERCC1 expression levels to either cisplatin-docetaxel (low expression) or docetaxelgemcitabine (ERCC1 high) reported a higher (44%) response rate in the docetaxel-gemcitabine arm in comparison with 37% in the standard arm receiving platinum doublet chemotherapy [3] . Another randomized phase II trial of 108 patients with advanced NSCLC treated with docetaxel-gemcitabine or cisplatin-gemcitabine also reported superior response rates and lower toxicity with the former regimen [4] . Neither of these studies showed an improvement in PFS or OS with docetaxel-gemcitabine, but the number of patients enrolled in these studies were small.
The combination of docetaxel-gemcitabine with bevacizumab was particularly attractive because it would allow us to target both cell proliferation and vascularization within the tumor. Because endothelial cells, which serve as the target for bevacizumab, are considered to be genetically stable, it was postulated that the combination was no more likely to result in acquired drug resistance than chemotherapy alone [11] . Although the safety and efficacy of this combination in patients with advanced nonsquamous NSCLC had not been studied previously, this regimen appeared to be well tolerated in early-phase trials in patients with sarcoma. We excluded patients who were at a higher risk of complications from bevacizumab such as those with squamous histology, hemoptysis, tumor cavitation, underlying bleeding diathesis, uncontrolled hypertension, history of myocardial infarction or stroke within 6 months, metastases to the gastrointestinal tract, history of diverticulitis, and intra-abdominal surgeries or abscess within 3 months. In addition to minimize the risk of hematologic toxicity noted with docetaxel-gemcitabine combination in previous studies, all patients received growth factor support.
This was a single-institution phase II study of docetaxelgemcitabine-bevacizumab that was conducted from October 2009 to April 2011 in patients with previously untreated advanced nonsquamous NSCLC. Eligible patients had to have an Eastern Cooperative Oncology Group (ECOG) performance status of 0-1, life expectancy of greater than 3 months, adequate organ function, and measurable disease. Key exclusion criteria included those listed above in addition to untreated brain metastases.
Unfortunately, the study regimen in the dose and schedule that was administered in the trial resulted in unacceptable toxicity. Although previous studies of docetaxel-gemcitabine did not report excessive pulmonary above what would be expected with each agent alone, the combination of docetaxel-gemcitabine and bevacizumab in our study resulted in grade 3-4 pulmonary toxicity in four (30%) of the patients. Of these, two patients developed pneumonitis thought to be related to the study drugs and two developed a pneumonia secondary to the immunosuppression associated with chemotherapy. In addition, two patients had to discontinue bevacizumab prior to progression due to tumor cavitation. Despite the growth factor © AlphaMed Press 2019
Bevacizumab plus Docetaxel and Gemcitabine in NSCLC e125 support, 92% of the enrolled patients developed grade 3-4 neutropenia. Because of safety concerns, this trial was terminated early. Although 72.7% of the evaluable patients had objective response to therapy, the 1-year PFS was 8% (in comparison with 14% 1-year PFS noted in the ECOG 4599 study of carboplatin, paclitaxel, and bevacizumab in patients with advanced NSCLC).
When this clinical trial was conducted, the armamentarium of therapeutic options for advanced NSCLC was quite limited. Particularly for patients with inherently resistant disease to platinum-based chemotherapy, which was considered the standard of care at the time, there were no well-defined treatment strategies. Although the regimen studied in this trial appeared to be well tolerated in patients with sarcoma, it is plausible that the higher rates of pulmonary toxicity observed in the trial were a reflection of underlying pulmonary compromise in patients with advanced non-small cell lung cancer. The cases of pneumonitis were sporadic, and no other precipitating or predisposing risk factors were identified for any of the patients.
Since this trial was conducted a decade ago, many alternative therapies included molecular targeted agents and immunotherapy have revolutionized the management of advanced nonsquamous NSCLC. Not only are these newer agents more efficacious, they are less toxic than the toxicity profile noted in this trial. It is therefore unlikely that studying this regimen further would alter current clinical practice.
